We provide a multilevel logit model based on panel data which allows a capturing of the determinants of investment in their capacity for generating renewable energy in farms. As a novelty, we focus on regional determinants in order to assess the role of the regional dimension in making decisions by farmers about whether or not to invest in renewable energy generation. The relevance of this territorial/regional dimension acquires even greater significance in countries with a high degree of administrative decentralization, as is the case in Spain; where energy legislation gives a central role to regional governments in aspects related to the promotion of renewable energy sources. Multilevel analysis allows us to evaluate together both dimensions: Individual and regional. The results highlight the importance of the R & D investment carried out in regions, as well as the fact that there is an environment that favors the diffusion of renewable energies into the territory. Other variables, such as the level of agricultural income or regional energy intensity, do not seem to have significant relevance in the light of these results.
Introduction
The XXI United Nations Conference on Climate Change (COP21) held in Paris in 2015 expressed the need to step up efforts to mitigate the effects of global warming, setting the goal of preventing the earth's surface temperature from rising more than 1.5 degrees Celsius with respect to pre-industrial levels [1] . Based on this specific objective, the various supranational states and entities have established their particular strategies to contribute to achieving this. In the case of the European Union (EU), the objectives for 2030 have been set to reduce greenhouse gas (GHG) emissions by at least 40%, reducing the share of renewable energy by at least 32% of the energy mix, and improving energy efficiency by at least 32.5%. By 2050, the aim is to achieve a neutral economy in terms of GHG emissions, which includes the complete decarbonization of the energy supply, and the creation of carbon sinks through the development of agriculture and more sustainable land use.
In this strategic framework, the Farm Sector plays an important role in several ways. Firstly, this sector is an emitter of pollutants that contribute to the global warming process. Secondly, the activity carried out by certain farms may imply an opportunity cost, as they are not aimed at obtaining environmentally sustainable production or crops or forest mass that act as carbon sinks. Finally, farms can contribute significantly to achieving energy objectives, both by improving energy efficiency in their activity, and by incorporating renewable energy generation into their operations.
In this regard, based on the estimates offered by some works, such as that by Pedroli & Langeveld [2] , prepared within the framework of the European project "Impacts of Renewable Energy on European Note: The 2020 national renewable energy plan (NREAP) scenario exclusively considers the NREAPs of the different member states. The 2020 NREAP + scenario modifies the previous scenario, taking into account additional stimulus measures for the deployment of renewable energy in farms. Source: Our own elaboration based on Pedroli & Langeveld [2] .
As can be seen in the table above, bioenergy production accounted for around 2/3 of total renewable energy production in 2008; the goal set for 2020 falling slightly. Also, wind energy accounted for around 20% of total renewable energy and bioenergy produced by European farms in 2008, a proportion that increased to a value between 34% (NREAP scenario) and 37% (NREAP + scenario). Solar energy, meanwhile, increased its weight in the mix from just a testimonial amount to about 1%. Finally, geothermal energy rose from a 0.1% share in the mix of renewable energy generation in farms to approximately 0.2%.
There are previous works that have proven that the degree of involvement of farms in the generation of renewable energy, in their different types, depends upon a series of determining factors related to farm characteristics, such as size and legal status, personal characteristics of the person in charge of the holding, or its business characteristics [8, 9] . However, the incidence of certain determinants at a regional level has not obtained the same attention in literature, despite its relevance [10] . This relevance acquires even greater significance in countries with a high degree of administrative decentralization, as is the case in Spain, where energy legislation itself gives a central role to regional governments in aspects related to the promotion of renewable energy sources.
Thus, for example, Law 54/97 on the Electricity Sector stated, that regardless of the competences attributed to the General State Administration, Autonomous Communities are responsible for "the promotion of special regime renewable energy and energy efficiency in their Community territory" [11] . More recently, a Draft of the Integrated National Energy and Climate Plan of Spain explicitly mentions the primary role of regional administrations in the process of energy transition towards a sustainable model [6] . This article aims to help reduce this gap by analyzing the role that these determinants of regional dimension play on the probability of farms investing in renewable energy generation in Spain. Among the regional factors assessed are the energy dependence of the sector in each region, as well as the investment made in research and regional development.
Furthermore, another of the main contributions of this work, apart from highlighting the territorial dimension of the question being studied, is that, unlike other studies whose analysis is limited to geographical areas and/or specific agricultural activities, here a very large and representative sample of the total number of farms located in Spain is used, from the Survey on the structure of farms in 2016 (SSF-2016) prepared by the National Institute of Statistics (INE).
The article is structured as follows. The next section includes a review of the literature that highlights the main determinants for the deployment of renewable energy sources in farms, paying special attention to regional determinants that will later be taken into account in the empirical analysis. Then, we present the statistical information used in the study and describe the multilevel logit model used in the estimation. The third section shows the main results obtained. We discuss the findings in the fourth section. Finally, a firth section includes the main conclusions of the study and establishes a series of political implications.
Materials and Methods

Literature Review
There is not an excessive number of contributions in the literature that systematically identify the determinants that influence the adoption of renewable energy production systems by farms. In addition, there is a certain level of heterogeneity, both from the point of view of the scope (geographic area, sample used), and the technique used by the farm for the sample information. Finally, there is also some disparity in the renewable energy source under study, mainly distinguishing contributions that analyze bioenergy production, and those that analyze the incorporation of solar PV and/or wind energy infrastructures; although some contributions have also been published that analyze the incorporation of renewable energy production in general into farm activity. Among the contributions that identify the various determinants of farm investment in renewable energy production, those listed in Table 2 stand out. prices of inputs, price of electricity, regional policies (funding). Starting with the schemes proposed by Beckman and Xiarchos [8] and Ge et al. [9] , the determinants identified in the previous contributions can be classified into factors linked to the person in charge of the farm, the factors of the farm and socio-economic factors.
Regarding the factors linked to the person responsible for the farm, it can be concluded in general, based on the contributions analyzed, that there are two main determinants that affect the propensity to invest in renewable energy sources, these being the age of the person responsible and his or her training. In the first case, the contributions studied confirm an inverse relationship between the age of the person in charge of the farm and their proactivity towards investment in renewables [8, 12, 14, 17, [19] [20] [21] . On the contrary, training seems to be a decisive driver for farm investment in renewable technology [12, 14, 17, 21] .
With regard to the farm characteristics, several determinants are taken into account in literature. First of all, the type of farm seems to have some influence on the decision to invest in renewable energy sources, so that property holdings tend to invest more in energy production [8, 14] , which is probably motivated by the high investment required in infrastructure [21] . The relationship between the orientation of the farm towards obtaining economic profits and the investment in renewable energy sources [14, 18, 21, 22] has also been considered. Thus, in some empirical works the fact that the person in charge of the farm knows the economic benefit that he or she will obtain with the investment, is identified as an incentive [20] ; while other types of motivations, such as environmental motivations, seem to have less impact on the decision to invest in renewable energy production, as is the case with certain biomass producing farms in Finland [15] , and some Scottish [20] or German farms [16] . Another determinant related to the farm characteristics refers to whether the person in charge resides or not on the farm itself, residence being a driver which favors investment [8, 19] .
In addition, the size of the farm, together with the objective of production diversification, are factors that also favor investment in renewable energy sources [3, 10, 14, 18, 19, 21] . And finally, the type of crop or agricultural activity also has an influence on the propensity to invest in renewable energy sources [3, 12] . In this regard, the incentive to invest in renewables, which involves the dedication of the farm to ecological crops [8] , stands out. This incentive may be due to two reasons. First, the reluctance to use polluting fuels by farmers who adopt this productive approach. Also, as a tool for farm production diversification, given that ecological type crops have a higher risk of obtaining lower volume productions or even losing crops due to pests or adverse weather conditions [10] . In fact, Borchers et al. [19] calculate that, in the United States, in organic farms the probability of adopting renewable energy generation technologies is around five times higher than in conventional farms. Finally, we must take into account the biophysical characteristics of the farm as determinants of investment in renewable energy production, such as the amount of sunshine in the area, the average wind force, soil erosion, slope of the terrain or rainfall [8, 10] .
Finally, literature analyzes a series of socioeconomic determinants for investment in renewable energy production, among which are accessibility to information flows and the level of income perceived by farmers. Regarding accessibility to information, some contributions suggest that farmers' access to information on available energy technologies may delay or accelerate their adoption [10, 16] . In this regard, Beckman and Xiarchos, [8] and Borchers et al. [19] find, in the case of California and the United States, respectively, that there is a significant relationship between the adoption of renewable energy by farms and their Internet access. On the other hand, the income level of farmers seems to be a driver for investment in renewable energy generation [8, 19, 21] , even more so when and to the extent that these revenues have a different origin to the farm itself [12] , which could be due to the need to have resources to finance such investment.
Additionally, it is worth highlighting the growing importance of a regional approach that encompasses a series of determinants closely linked to public policy measures that stimulate the adoption of renewable energy generation systems in farms. Thus, authors such as Schafffer and Düvelmeyer [10] distinguish between determinants associated with the individual characteristics of farms and farmers, and regional factors. This approach acquires even greater significance in the case of countries such as Spain, where there is a high degree of decentralization, as a result of which regional governments acquire a central role in energy policies [11] . The importance of this approach has been reflected in the different integrated national energy and climate plans of the countries of the European Union for the period 2021-2030. In fact, in the draft of the plan for Spain, there is an explicit mention of the fundamental role of regional administrations in the process of energy transition towards a sustainable model [6] . However, there are few studies on the adoption of energy-generating technologies from renewable sources that take into account the regional scope, usually focusing on the individual characteristics of different farms [19] .
The drivers that make up this territorial dimension linked to regional public policies can be classified as general policies to support agricultural income and specific policies to encourage the deployment of renewable energies.
Agricultural income support policies, such as payments to farms derived from the Common Agricultural Policy, consist of ensuring income flows to farmers that help them have sufficient resources to consider incorporating systems of renewable energy production or the cultivation of bioenergy supply species, especially when a high initial investment is required [3] .
Furthermore, within the incentive policies for the deployment of renewable energies in the agricultural sector, two types of measures can be distinguished.
The first type is made up of technology push measures, aimed at promoting R & D activities to promote the development of technological learning curves in order to facilitate the incorporation of renewable energy sources to agricultural holdings, through direct investment or grants [13] . In the case of Spain, the Integrated National Climate Energy Plan already warns of the privileged position of regions when exploiting their strengths, increasing their competitiveness and their potential for innovation to contribute to the objectives set for 2030.
To do this, The Spanish Science and Technology and Innovation Strategy and State Plans for scientific and technical research and innovation define the national smart specialization framework (RIS3) that regions customize through their corresponding research and innovation strategies. Within this framework is the S3-Energy platform created by the European Commission, which connects and coordinates regional efforts in research, development and innovation in the fields of energy and climate [6] .
The second type are made up of market pull measures, charged with stimulating the settlement of available energy production technologies through renewable sources on farms, mainly from subsidies and grants [13] . Among these measures applied by regional and local authorities, the most outstanding are those aimed at promoting self-consumption based on process simplification processes and the development of energy transport infrastructure in collaboration with the central administration, the enhancement of the production and use of biogas [16] and use of biomass [6] .
From the above-mentioned determinants, and paying special attention to the influence that the regional context can exert, a multilevel logit model has been proposed in order to estimate the effect of each of them on the probability of a Spanish farm adopting a system of renewable energy production. In the following subsections, the principal methodological aspects are presented, and the model is specified. Then the main results obtained are shown in Section 3.
Data
The sample of farms on which the analysis has been carried out was extracted from the SSF-2016 prepared by the INE, in accordance with the harmonized criteria provided by the European Union. It is a statistical tool that allows information to be obtained about the changes experienced in Spanish agriculture and the structure of farms compared to other member countries of the European Union in the inter-census period.
The population under study in this survey are farms that have at least one hectare of agricultural land in use, along with those farms whose agricultural area in use is less than one hectare, if they produce a certain quantity for sale, or their Production unit exceeds certain physical thresholds. In total, this survey has enabled the collection of complete information corresponding to 56,051 farms located throughout the national territory.
In order to identify the farms that have some type of link with renewable energy sources, a section of the questionnaire asked precisely if the business had carried out, in a complementary way to the main activity, renewable energy production activities (wind, solar, biogas ...) to be sold. Only 128 farms answered affirmatively to this question, which were automatically incorporated into our sample. Figure 1 shows the regional distribution of these farms.
prepared by the INE, in accordance with the harmonized criteria provided by the European Union. It is a statistical tool that allows information to be obtained about the changes experienced in Spanish agriculture and the structure of farms compared to other member countries of the European Union in the inter-census period.
In order to identify the farms that have some type of link with renewable energy sources, a section of the questionnaire asked precisely if the business had carried out, in a complementary way to the main activity, renewable energy production activities (wind, solar, biogas ...) to be sold. Only 128 farms answered affirmatively to this question, which were automatically incorporated into our sample. Figure 1 shows the regional distribution of these farms. The next step was to randomly select a set of farms that, on the contrary, did not have that link with renewable energy production, trying to maintain a certain balance with respect to the number of farms that made up the opposite category. The only requirement imposed on this selection was the maintenance of a certain proportionality with the regional distribution of the total of the farms surveyed. So finally, our sample consists of 428 farms distributed throughout the Spanish territory.
Variables
The dependent variable in the proposed multilevel logit model reflects the probability of agricultural companies investing in renewable energy. This propensity has been represented by a dichotomous variable constructed from the question from the SSF-2016, where enquiries are made about the completion, on a complementary basis, of renewable energy production activities. So, this variable will adopt the value 1 if the company has declared to have carried out this type of activity, and 0 otherwise.
For their part, the explanatory variables correspond to factors that can condition the decision of farms to invest in renewable energy. In this work we expressly differentiate between the elements associated with the characteristics of the farm, including also in this group the attributes of the person who is in charge of its management, and those other aspects related to the features of the Sustainability 2019, 11, 5937 9 of 17 regional environment in which the farm is located. Table 3 shows the variables considered in the model specification. The set of variables related to the characteristics of the farm firstly includes the size of the farm measured from the number of total work units (SIZE). Since agriculture is an activity that is severely affected by seasonality, and therefore, also to seasonal work, it is more appropriate to use this measure instead of the number of employees. Professionalism in management is another factor that can also condition the propensity of an agricultural exploitation to invest in renewable energy. In this work, this professionalized management has been collected from a dummy variable that adopts the value 1 if the legal status of the farm is that of a commercial company, and 0 otherwise (PROFES).
In addition, farms that enjoy greater stability in their business may also exhibit a greater tendency to embark on new projects and investment and diversify their activities. For this reason, the model includes a variable that measures the proportion that fixed salaried workers represent with respect to the total farm wage earners (PERMANENT) and a dummy variable that takes the value 1 if 50% or more of the agricultural area in use belongs to the farm owner, and 0 otherwise (PROPERTY). Furthermore, a dummy variable that adopts the value 1 has been included, if the farm uses organic farming methods, and 0 otherwise (ECO), with the logic that this circumstance may reflect the commitment of farm management to the environmental sustainability issue.
With regard to specific features of the head of the holding, two variables that measure basic features such as age (AGE) and gender (GENDER) have been included in the first place. In addition, two other variables that aim to analyze the influence of training have been incorporated. The first one is a dummy variable that adopts value 1 if the farm manager has agricultural university studies, and 0 otherwise (EDUCATION). The second is related to the strategies of continuous training and knowledge update, and is built again as a dichotomous variable that takes value 1 if the head of the operation has received a training course over the last 12 months (TRAINING).
On the other hand, as previously mentioned, the regional environment can condition the predisposition of the farm towards investment in renewable energy, depending upon certain factors. One of these factors is the situation and structure of the regional agricultural activity itself. For this reason, a variable that represents the value of regional agricultural income per employee in agriculture has been included to reflect the profitability of agriculture in the region (INCOME), and a variable that reflects the intensity of energy consumption with respect to agricultural production, to analyze the effect that dependence on energy resources can have on the tendency to invest in renewable energy (ENERGY).
Both variables were constructed with information extracted from the Economic Agricultural Accounts published by the Ministry of Agriculture, Fisheries and Food. From another perspective, action developed by regional governments is also an important factor capable of promoting or, on the contrary, discouraging investment by agricultural holdings. To analyze this possible influence, the weight of renewable energy in the total installed power in the region has been included (CAPACITY) as a proxy for the facility granted by the regional government for the execution of this type of initiatives. This variable has been prepared based on regional statistics for the national electricity grid provided by the Red Eléctrica de España company. Finally, a variable that represents the percentage of regional expenditure on R & D with respect to GDP has been included, calculated from information published by the National Institute of Statistics of Spain (INE).
Due to technical and economic implications, it is foreseeable that the influence of these regional characteristics on the decision of agricultural holdings to invest in renewable energy is not immediate, but requires one or two years for its realization. For this reason, and to avoid potential endogeneity problems in any regional variables, these have been incorporated into the model with a time delay of two years. Therefore, the variables that include the characteristics of the farm refer to the year 2016, while regional variables adopt 2014 values.
Descriptive statistics of the explanatory variables are shown in Table 4 . 
Model Specification
The sample used in this paper has a hierarchical structure, with data from farms (first level) grouped into regions (second level), and the proposed empirical model includes explanatory variables corresponding to each of these two levels. This hierarchical structure has a series of implications to be considered.
In particular, the considerable margin of political decision attributed in practice to the Autonomous Communities in different fields, added to the particularities associated, among other aspects, to the orographic and climatological characteristics of each, presumably means that the behavior of the farms in the same region with respect to renewable energies, is influenced by common factors that give more homogeneity to their respective decisions than those taken by farms located in a different region.
From an econometric point of view, this structure violates the independence of the observations required by traditional regression models, resulting in biased estimators of standard errors being obtained, and increasing the probability of committing Type I errors [23] .
To this we must add the risk of incurring the fallacy of the wrong level that derives from analyzing the data at a given level and formulating the conclusions at a different level [24] .
Multilevel analysis allows these problems to be overcome by explicitly recognizing the possibility that individuals belonging to the same group have a greater similarity with each other than with individuals belonging to a different group [25] . These sort of hierarchical models are also called mixed-effect models, since there is a combination of fixed effects and random effects (see [26, 27] ).
The dependent variable in our analysis is binary, adopting the value 1 if the farm produces in its facilities some type of renewable energy, and 0 otherwise. For this reason, the model to be estimated takes the form of a multilevel logit model with the following structure:
where the probability that a farm located in region j develops activities related to the production of renewable energy is made dependent on set (X) of explanatory variables, which represent the characteristics of the farm itself. At the regional level, the group of co-variables (Z) is used to explain the variation of the independent term β 0 j with the random parameter µ j :
Combining both equations, we obtain a mixed effects model in which the random part, which in this case affects only the independent term, is represented by µ j , which is distributed according to a multivariate normal of mean 0 and variance ψ, and which also verifies the quality of independence between regions [26] :
Results
One of the requirements for applying the multilevel analysis technique is that the between-groups variance of the dependent variable is significant. To verify this, a variance decomposition model will be used with a single factor coinciding with the grouping variable, in this case the region, in which explanatory variables are not included. Due to its basic character, this model is known in the literature as null model or empty model. The first column of Table 5 shows the results of the estimation of this model. The inter-region variance is estimated at 0.26 with a standard error of 0.19. The likelihood ratio test has a value of 7.56 with an associated p-value of less than 0.01. This result confirms the existence of a non-zero inter-region variance, and therefore, justifies the application of the multilevel analysis technique [27] . From these values it is possible to calculate the intra-class correlation (ICC) as a representative measure of the variation percentage of the dependent variable which is attributable to differences between the regions.
In this case, it is observed that most of the variation in the dependent variable has its origin in the differences between farms, while 7.3% of this said variance, based on the CCI value, can be attributed to differences in regional factors.
Although it may seem like an influence of reduced magnitude, it is a logical value, since the intra-class correlation tends to be smaller the larger the theoretical dimension of the group, its value oscillating between 0.05 and 0.85%, for example, when the group identifies with the region [28] [29] [30] .
Regarding the selection of explanatory variables, we follow a stepwise strategy. Thus, in the first model (Model 1) only variables at the farm level are entered, so that it is possible to establish comparisons with previous studies. Then, in a second estimate, the model is expanded to incorporate the regional level variables (Model 2). The inclusion of the regional characteristics results in a slight improvement of the Akaike Information Criterion (AIC) (from a value of 457.45 to a value of 457.15), while the goodness of fit measures considered (pseudo-R2) exhibit an appreciable increase. In Model 3, we intend to isolate the effect of the contextual variables related to the action of regional authorities (CAPACITY and R&D). As shown in Table 5 , this most parsimonious model gives rise to an improvement of the Akaike Information Criterion (AIC), as compared to Model 2.
As for explanatory variables pertaining to the farm dimension, the results point to four statistically significant variables. Three of them, PROFES, PERMANENT and SIZE, which have a relevant and positive effect on the probability that the farm will invest in renewable energies, refer to the characteristics of the farm, while the fourth, EDUCATION, corresponds to a characteristic of the person in charge. With regard to, firstly, the characteristics of the farm, as expected, the dimension (SIZE) is an element that determines the willingness to invest in renewable energy. It is well known that business size is an indicator that serves as a proxy for the set of financial and human resources of a company. In this sense, it is logical that the larger the farm size, the greater the probability of embarking on new projects other than the main activity. This result, together with the positive effect of the PROFES and PERMANENT variables that represent, respectively, their legal status and workforce stability, demonstrate that management professionalization and the solidity of the farm are elements that work in favor of investment in a renewable infrastructure. This could be in line with the opinion of authors who believe that this type of investment is favored by the farm's orientation towards obtaining an economic profit, which would be achieved through a strategy of production diversification [14, 18, 21] . On the other hand, other variables referring to the farm characteristics do not have statistically significant coefficients. Thus, PROPERTY, which includes the fact that most of the surface of the farm is owned by the person in charge, has a positive parameter associated, consistent with literature, which points to the fact that the ownership of the farm favors investment in renewables [8, 14] ; although in this case this relationship is not statistically significant. The same applies to ECO, which indicates whether the holding is dedicated to organic farming, which in the opinion of several authors favors investment in renewables [8, 10] . The positive sign of the coefficient is consistent with this opinion, although the estimated relationship is not statistically significant.
As has been pointed out, the fourth variable at the farm level whose coefficient is statistically significant is EDUCATION, which refers to the person in charge of the farm as having studied agriculture at a university. The positive coefficient is in line with the authors who emphasize the role of academic training as an important driver of investment in renewables [12, 14, 17, 21] . On the other hand, other variables referring to the characterization of the person in charge of the farm, such as age (AGE) or continuous training (TRAINING), although they have coefficients with the expected signs according to literature (negative and positive, respectively), are not statistically significant. The same applies to the GENDER variable, which includes the sex of the person in charge of the farm and which, in the light of the statistical significance of its associated coefficient, does not seem to have a significant influence on the probability that the farm will incorporate renewable infrastructures.
Turning to the variables belonging to the regional dimension, of the four specified variables, there are two whose coefficients are not statistically significant. The first is INCOME, which includes agricultural income for the region, which would be in apparent contradiction with the opinion of some authors who believe that the level of income of farmers is a relevant driver when investing in the generation of renewable energy, due to the cost of the said investment [8, 19, 21] ; although these authors contemplate this income variable from the individual, instead of the regional dimension.
The second variable whose estimated coefficient is not significant is ENERGY, which refers to the intensity of the energy use of the regional agricultural sector. Therefore, apparently, there is no relationship between the intensity of energy consumption by farms and investment in renewable energy generation projects.
The suppression of the two previous variables in the third specification of the model increases the significance of another variable of regional dimension, CAPACITY, which includes the weight of renewable capacity installed in the region in relation to all of the total installed capacity. In addition, the coefficient is positive, which suggests that, in a regional context that favors investment in renewable capacity, the agricultural sector responds positively by increasing the probability of farms investing in this type of energy. In other words, the agricultural sector seems to respond positively to regional policies to support the diffusion of renewables. In this sense, this variable could be considered as a proxy for regional policies for the promotion of renewables, i.e., of the market-pull type. These policies highlight the elimination of administrative barriers (Reise et al. [16] emphasize the importance of these barriers), or the conditions derived from the energy transport infrastructure, mainly the infrastructure for farms to connect to the power grid [19] .
Finally, the regional variable with a clearer statistical significance is R & D, which includes the regional investment in R & D in relation to regional gross domestic product. In addition, the sign of the coefficient is positive, which implies that a greater relative investment in R & D encourages investment in renewable infrastructure by farms, in line with that suggested by authors such as Adams et al. [13] . It should be remembered that energy generation technologies from renewable sources are, in general, technologies developed relatively recently, and that many of them are still in the early stages of their development, so Research & Development programs that enable an adaptation of these technologies to the farm environment are essential. In this sense, regional policies to support R & D actions, i.e., technology-push policies, are essential in order for technologies to mature to a sufficient extent, so that farmers can decide to incorporate them into their holdings. This is what Schaffer & Düvelmeyer [10] call "transformation ability", which is the ability of regions to adopt innovations and adapt them to their own context.
Once the results obtained were commented upon, the main conclusions of the study were summarized in the following section.
Discussion and Concluding Remarks.
Numerous authors have studied the drivers of and barriers to farm investment in renewable energy production technologies, often focusing on some specific technology or type of energy. In this paper, a global assessment of these factors is made, for most of the renewable technologies incorporated by farms, in line with works such as Tate et al. [17] , Schafffer and Düvelmeyer [10] , Sutherland et al. [21] and Ge et al. [9] , for Spain, which is one of the main European agricultural powers. In addition, and unlike most of the preceding studies, the analysis includes variables at two levels of aggregation: At the farm level (individual), and at the regional level. This is because the regional dimension, especially in very decentralized countries such as Spain, takes a fundamental role at social, economic and political levels, as evidenced by the continuous references to this administrative level in the recent Integrated National Energy and Climate Plan of Spain [6] . Ultimately, in this work we start with the hypothesis that the regional context in which the farm is located can condition its entire activity, including, particularly what we are interested in here, which is its predisposition to invest in renewable energies.
To assess the relevance of the various determinants, both individually and regionally, on the decision of the farms to incorporate energy generation through renewable technologies into their activity, a discrete multilevel logit choice model has been estimated, in which the dependent variable is interpreted as the probability that a farm will invest in renewable energy.
Among the significant determinants at the farm level, those that imply a professionalization of farms (size of the farm, commercial legal form, structure of the stable wage labor), and university training of the person in charge of the farm, stand out. These results are consistent with the literature on the previous topic.
On the other hand, insufficient statistical evidence has been found to confirm the significant influence of other determinants present in literature, such as the ownership of the farm or the age of the person in charge.
With regard to the determinants at the regional level, the results highlight the importance of the R&D investment carried out in the region, as well as the fact that there is an environment that favors the diffusion of renewable energies in the region. Other variables, such as the level of agricultural income or regional energy intensity, do not seem to have significant relevance in the light of the results.
Given the comments above, it seems clear that the role of the regional administration is essential when it comes to encouraging the incorporation of renewable energy generation technologies in agricultural holdings.
Thus, the relevance of R & D investment leads us to consider the need for the regional administration through its technology-push policies and through its network of public research organizations, and the budgetary provision of programs to support Research and Development for renewable energy production systems in the agricultural field. The objective with this R & D investment is to achieve "transformation capability" [10] , so that the investment that farmers perceive that they have to make to install the infrastructure, and the risk associated with the investment, can be reduced.
Furthermore, it is essential for regional administrations additionally to make an effort in market-pull policies, i.e., aimed at facilitating the diffusion of renewable energy production technologies in the territory. The results obtained in this work corroborate this: There is an effect of technological permeability between farms and their environment, so that if there is an expansion of renewable technologies in the environment, these technologies will eventually be introduced in farms. This is so, among other reasons, due to the very nature of market-pull policies applied by regional governments, and which can go beyond the subsidy or direct funding of renewable technology. Thus, for example, Reise et al. state that policies should be established to eliminate administrative barriers, i.e., to facilitate investment by establishing a climate in which administrative procedures are simple and with relatively short lead times. Another public policy of this type that regional administrations can undertake is to boost the construction of the necessary public infrastructure, so that investors in renewables (and among them, farmers) can obtain an optimal return on their investment. This type of investment includes improvements in the infrastructure for farms to connect to the electricity grid, or in communication channels to transport bioenergy products. 
